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要　旨
テクチンは、ダイニンとともに精子の鞭毛や繊毛の形成に関与したタンパク質である。テクチンには、
ヒトにおいて少なくとも６種類の遺伝子の存在が報告されている。テクチン遺伝子のうち、Tektint/Tekt2、
Tekt3、もしくは Tekt4 が欠失することによって、精子の鞭毛が機能不全を起こし、なかでも Tektint/Tekt2 
遺伝子の欠失は、雄性不妊症になることがマウスで示されている。男性不妊症の原因にテクチン遺伝子
の機能不全が関与することが予想される。私たちは、ヒト TETINt/TEKT2 遺伝子の遺伝子多型と男性
不妊症との関係について調べるため、２８２人の原因不明の男性不妊症患者と８９人の妊孕性が確認された
男性ボランティアの遺伝子の解析を行った。その結果、日本人男性不妊症患者に有意に検出される TETIN
t/TEKT2 遺伝子の変化は見られなかった。これらの結果は、TETINt/TEKT2 は、日本人男性不妊症の
原因遺伝子となる割合は非常に低くいことを示すとともに、今後の大規模な男性不妊症の原因となる遺
伝子の解析に役に立つものと考えられる。
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Abstract
TEKTIN proteins contribute to the formation of cilia and flagella together with dynein.　At 
least six types of TEKTIN genes have been reported in humans.　The disruption of Tektint/Tekt2, Tekt3, 
or Tekt4 in mice causes sperm flagellar dysfunction, and Tektint/Tekt2 null male mice are infertile.　
To investigate the possible association between variations in TEKTINt/TEKT2 and impaired 
spermatogenesis in Japanese males, we screened for mutations in TEKTINt/TEKT2 using DNA from 
２８２ sterile male patients and ８９ provenfertile male volunteers.　Six polymorphisms were found 
in the open reading frame of TEKTINt/TEKT2, but no significant differences in genotype frequency 
were identified in the infertile subjects（P＞０.０５）.　We also did not detect a previously reported TEKTIN
t/TEKT2 gene variant in our subjects.　These data may be applied to future large-scale genetic 
analyses of the association between genetic background and male infertility.
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１.　Introduction
During spermiogenesis, drastic morpho-
logical changes occur that transform sper-
matids to sperm.　The completed sperm cells 
consist of a nucleus and a flagellum,１） but 
they possess almost no cytoplasm.　 Previ-
ously, we isolated cDNA clones that were 
specifically expressed in mouse haploid germ 
cells from a subtracted cDNA library.２）　
Mouse Tektint/Tekt2 was identified as a gene 
that is specifically expressed in haploid germ 
cells, and TEKTINt/TEKT２ protein is local-
ized in flagella.　Tektin A, B, and C proteins 
were first isolated from sea urchin flagella.３）　
Structural analyses of sea urchin sperm 
indicate that Tektin proteins play impor- 
tant roles in determining the conformation 
of　flagella　by　acting　as　protofilament 
components.４）　To understand the physiologi-
cal role of TEKTINt/TEKT２, we studied 
Tektint/Tekt2 mutant mice generated by 
Lexicon Pharmaceuticals Inc.（The Wood-
lands, TX）from ES cells that corresponded 
to OST１２４０１（OmniBank sequence tag）and 
were targeted by gene trapping.　Tektint-de- 
ficient mice are viable, and the females are 
fertile but the males are infertile.　Defects in 
sperm and tracheal cilium motility result 
from defective dynein function.５）　Subsequent 
studies of TEKTINs showed that the human 
genome includes at least six TEKTIN genes,６） 
and Tekt4 and 3 mutant male mice exhibit 
asthenozoospermia（i. e., impaired sperm 
motility）.７，８）　Analyses of Tektin mutant mice 
showed that a deficiency in one Tektin gene can 
lead to the production of dysfunctional 
flagella.　Moreover, the dysfunction noted in 
Tektin-disrupted mice has been observed in 
both the flagella of sperm cells and cilia of 
other body cells.　These results indicate that 
the formation of functional flagella on human 
sperm requires TEKTINs and other proteins.　
Recently, a heterozygous mutation（A２２９V）
was reported in one of ９０ non-syndromic 
asthenozoospermia patients in Italy.９）
To examine whether TEKTINt/TEKT2 is 
a hereditary cause of male infertility in Japan, 
the existence of nucleotide polymorphisms in 
the coding region of TEKTINt/TEKT2 was as- 
sessed by the direct sequencing of PCR-
amplified DNA from male patients. We did 
not detect a previously reported genetic 
mutation, but we identified a novel genetic 
polymorphism.　 Based on these results, 
further investigation using a larger popula-
tion of infertile cases is warranted.
２.　Materials and Methods
２.１　Participants
Infertile Japanese subjects（N＝２８２）were 
divided into subgroups according to the degree 
of defective spermatogenesis: １９２（６８％）pa-
tients had nonobstructive azoospermia, while 
９０（３２％）had severe oligospermia（＜５×１０６ 
cells/ml）.　 All of the patients displayed 
idiopathic infertility based on a cytogenetic 
analysis, and they possessed no history of 
prior medical conditions, including but not 
limited to cryptorchidism, recurrent infec-
tions, trauma, orchitis, and varicocele.　The 
control group consisted of fertile males who 
had fathered children born at a maternity 
clinic（N＝８９）.　All donors were informed of 
the purpose of the study and gave permission 
for their blood to be subjected to genomic 
DNA analysis.　This study was carried out 
with the approval of the institutional review 
board and independent ethics committee of 
Osaka University（Osaka, Japan）.
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２.２　 Identification of single nucleotide poly- 
morphisms（SNPs）in TEKTINt/TEKT2 by
the direct sequencing of PCR-amplified DNA
DNA was extracted from leukocytes of 
proven-fertile（N＝８９）and infertile patients
（N＝２８２）.　Genomic DNA was isolated from 
the blood samples using standard protease 
treatment and phenol extraction procedures.　
PCR was carried out using the manufacturer’s 
recommended reaction buffer（５０μl）contain-
ing ０.１μg of human genomic DNA; ０.２μΜ 
each primer; ２.５μΜ each of dGTP, dATP, 
dCTP, and dTTP; and Ex Taq Polymerase
（Takara Bio Inc., Otsu, Japan）.
The sequences containing the encoded 
region in exons １９ of TEKT2 were amplified 
by PCR using specific primers（Table １, and 
Figure １）under the conditions described in 
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Table １　Primers used for SNPs analyses by direct sequencing
SequenceName of primerGene
TEKTINt/TEKT2
ＡＧＧＡＧＧＴＣＴＣＣＧＧＡＡＡＧＧＴＣＴＣＣTEK１２FEXON １, ２
ＧＡＡＧＧＡＧＧＧＧＡＧＧＴＴＴＣＧＧＣＡＧＣTEK１２R
ＣＴＣＡＡＧＴＧＴＴＣＣＡＴＣＣＡＡＣＴＣＧＧＣTEK３FEXON ３
ＴＴＴＣＴＧＴＣＡＣＡＧＧＣＡＣＣＡＧＡＧＧＧＣTEK３R
ＴＴＡＧＴＡＣＡＧＴＧＡＧＧＣＣＴＧＣＣＴＣＴＧTEK４５FEXON ４, ５
ＡＣＴＧＧＧＡＣＣＡＴＣＣＡＴＴＡＧＣＴＧＴＧＧTEK４５R
ＧＧＣＡＧＣＣＣＴＧＡＧＴＧＴＡＧＡＣＣＣＴＣＣTEK６７FEXON ６, ７
ＣＣＣＴＴＧＣＴＣＣＡＴＣＡＧＧＡＡＴＡＴＧＡＧTEK６７R
ＡＣＡＧＴＧＴＧＧＣＴＧＡＣＴＴＧＧＡＡＣＴＣＣTEK８９FEXON ８, ９
ＴＴＣＣＡＴＴＣＡＴＴＴＣＴＣＴＣＣＴＣＣＣＴＣTEK８９R
Figure １． Schematic view of the TEKTINt/TEKT2 gene, mRNA transcript, and 
encoded protein（４３０ amino acids）.　Exons １９ are depicted as thick 
boxes; introns are shown as lines.　The numbers in the thick boxes 
indicate the positions of the exons.　Six single nucleotide polymor-
phisms（SNPs）in the open reading frame are indicated by black 
circles.　The two white circles indicate SNPs in introns.　Each SNP 
is named based on its position relative to the first nucleotide of the 
start codon.　Italicized numbers（lower）indicate the positions of the 
amino acids in relation to the first methionine（MET）.　The consensus 
amino acid sequence of TEKTINt/TEKT２ is indicated by thick boxes.
Table ２.　The sequences containing exons １
２, ３, ４５, ６７, and ８９ were amplified using the 
following primer pairs: TEK１２F and TEK１２R, 
TEK３F and TEK３R, TEK４５F and TEK４５R, 
TEK６７F  and  TEK６７R,  and  TEK８９F  and 
TEK８９R, respectively.
The amplified fragments were purified 
using a SUPREC PCR Spin Column（Takara 
Bio Inc.）, and then sequenced using the same 
PCR primers with a BigDye Terminator v３.１ 
Cycle Sequencing Kit（Applied Biosystems, 
Foster City, CA）.　 The reaction products 
were analyzed using an ABIPRISM ３１００ 
Genetic Analyzer（Applied Biosystems）.
２.３　Statistical analysis
The χ２ test was used to compare the 
genotype distribution between the infertile 
subjects and proven-fertile controls.　 A P
value of ＜０.０５ was considered to be statisti-
cally significant.
３.　Results and Discussion
Infertility affects approximately １５％ of 
couples, and in about half of those cases the 
problem resides with the male.　At least ４０％ 
of cases of human infertility have no obvious 
underlying cause.１０）　Since haploid germ cell-
specific genes do not affect the development of 
somatic cells, defects in haploid germ cell-
specific genes may be considered a cause of 
idiopathic male infertility.　To date, polymor-
phisms in haploid germ cell-specific genes that 
are associated with male infertility have been 
identified using genomic DNA from Japanese 
males.１１２３）
In this study, an analysis of genetic 
variants of TEKTINt/TEKT2, which is specifi-
cally expressed in haploid germ cells, was 
carried out using DNA from Japanese males 
because the disruption of TEKTINt/TEKT2 
causes impaired sperm flagellar function and 
male infertility in mice.　 A base exchange 
that introduced a four amino acid substitution 
and two silent mutations was found in the 
open reading frame in a total of ３７１ Japanese 
males（Table ３, and Figure １）.　 The base 
exchange（c１３６c＞t）was identified in a homo- 
zygous or heterozygous state.　Minor homo- 
zygous genotypes were not found for the 
other base exchanges（c５２２c＞t, c５５５c＞t, c６２０g
＞a, c８０１g＞t, and c１１７７a＞g）.　c５２２ and c５５５ 
were silent mutations.　 Additionally, two 
SNPs（g３９０c/t and g８８８c/t）in an intron were 
detected during a DNA sequence analysis of 
the exons.　A homozygous SNP（g３９０c＞t）
appeared in the intron only in the infertile 
population.　However, no significant differ-
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Table ２　Condition of PCR for SNPs analyses
Product sizeAnnealing temp. and timePrimersGene
TEKTINT/TEKT2
５２０ bp６３℃, ３０ secTEK１２F, TEK１２REXON １, ２
４２８ bp６８℃, ４５ secTEK３F, TEK３R　EXON ３
４４４ bp６３℃, ３０ secTEK４５F, TEK４５REXON ４, ５
４９８ bp６３℃, ３０ secTEK６７F, TEK６７REXON ６, ７
５７２ bp６２℃, ３０ secTEK８９F, TEK８９REXON ８, ９
Denaturing temperature for all the reactions was ９８℃ for １０ sec.
Cycle number and extension time all the reactions were ３５ cycles and ７２℃, ３０ sec.
ences in the genotype frequencies of those 
SNPs were observed to be specific to the 
infertile subjects（P＞０.０５）.　All of the SNPs 
were found in the dbSNP of the National 
Center for Biotechnology Information（NCBI, 
Bethesda, MD）.　Although many SNPs in the 
TEKT2 genomic sequence were registered in the 
dbSNP, we did not find them except for eight 
SNPs in Japanese males.　These results may 
be due to ethnic differences between the 
samples included in our study and those in the 
database.
Researchers in Italy identified a heterozy-
gous mutation（A２２９V）in ９０ non-syndromic 
asthenozoospermia patients.９）　In humans and 
mice, at least six tektin genes have been 
reported, and mice carrying a mutation in 
Tektint/Tekt2, Tekt3, or Tekt4 were found to 
have dysfunctional flagella on their sperm.　
TEKTINs and other protein complexes might 
affect the conformation of flagella in collabo-
ration with other proteins２４）; a dominant 
heterozygous mutation in Tektint/Tekt2 could 
cause sperm flagellar dysfunction by disrupt-
ing that collaboration.　The mutation A２２９V 
was not found in our analysis.　The patients 
included in our analysis had azoospermia or 
severe oligospermia, but none of them had 
asthenozoospermia.　This could explain any 
differences in the results between the Italian 
study９） and ours.
Even if a dominant-negative mutation 
exists, haploid germ cell-specific genes may be 
inherited through females.　However, such a 
mutation in Tektint/Tekt2 was not found. 
Impaired flagellar function may stem from 
the inheritance of a gene substitution that 
affects tracheal cilium motility in males and 
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Table ３　Prevalence of single nucleotide polymorphisms in TEKTINt/TEKT2 in infertile or proven 
fertile populations
Reference
（NCBI dbSNP rs#）
Number（％）of SNPGenotypePosition
Proven fertileInfertileAmino acidNucleotide
rs１２０４３４２３（６２.９）５６（６９.９）１９７c/cR４６c１３６ TEKTINt/ 
TEKT2 （３４.８）３１（２６.９）７６c/tR/C
（ ２.２）２（ ３.２）９t/tC
rs１１７７１８８０７（９４.４）８４（９１.１）２５７c/cg３９０ 
（ ５.６）５（ ８.５）２４c/t
（０）０（ ０.４）１t/t
rs３７６７７０２（９７.８）８７（９６.５）２７２c/cg８８８ 
（ ２.２）２（ ３.５）１０c/t
（０）０（０）０t/t
rs１４２８９４７１７（１００）８９（９９.６）２８１c/cS１７４c５２２ 
（０）０（ ０.４）１c/t
（０）０（０）０t/t
rs２００４２８４１４（９８.９）８８（１００）２８２c/cI１８５c５５５ 
（ １.１）１（０）０c/t
（０）０（０）０t/t
rs１１６８９３４９０（９７.８）８７（９８.２）２７７g/gR２０７c６２０ 
（ ２.２）２（ １.８）５g/aR/H
（０）０（０）０a/aH
rs１４２７４３２５３（９８.９）８８（９８.６）２７８g/gK２６７c８０１ 
（ １.１）１（ １.４）４g/tK/N
（０）０（０）０t/tN
rs２００９９４３３９（９７.８）８７（９８.６）２７８a/aT３９８c１１７７
（ ２.２）２（ １.４）４a/gT/A
（０）０（０）０g/gA
８９２８２Total
The translation start site was ＋ １ on TEKTINt/TEKT2 gene and cDNA.
females rather than a defect in the sperm-
specific Scot-t and PGAM４ genes１１, ２１） because 
Tektint null mice exhibit defects in both sperm 
and tracheal cilium motility.
DNA from ２８２ infertile male patients and 
８９ male volunteers proven to be fertile was 
screened for mutations in TEKTINt/TEKT2.　
Six polymorphisms were found in the open 
reading frame of TEKTINt/TEKT2.　No sig-
nificant differences in genotype frequency 
were identified in the infertile subjects（P＞
０.０５）.　This analysis will contribute greatly 
to future large-scale studies of the genetic 
background of infertility in Japanese males.
Acknowledgement
We thank Ms. H. Nishimura for assistance 
with sequence analysis of the human DNA samples.
References
１）Tanaka, H. & Baba, T（２００５）‘Gene expres-
sion in spermiogenesis.’　CMLS ６２, PP.３４４３５４.
２）Tanaka, H., Yoshimura, Y., Nishina, Y., No- 
zaki, M., Nojima, H. & Nishimune, Y.（１９９４）
‘Isolation and characterization of cDNA clones 
specifically expressed in testicular germ cells.’ 
FEBS Lett ３５５, PP.４１０.
３）Linck, R. W., Albertini, F. D., Kenney, M. D. 
& Langevin L. G.（１９８２）‘Tektin filaments: 
chemically unique filaments of sperm flagellar 
microtubules.’　Prog. Clin. Biol. Res ８０, PP.１２７ 
１３２.
４）Linck, R., Fu, X., Lin, J., Ouch, C., Schefter, 
A., Steffen, W., Warren, P. & Nicastro, D.（２０１４）
‘Insights into the Structure and Function of 
Ciliary and Flagellar Doublet Microtubules: 
TEKTINS, Ca２＋-BINDING PROTEINS, AND 
STABLE PROTOFILAMENTS.’　 J Biol Chem 
２８９, PP.１７４２７１７４４４.
５）Tanaka, H., Iguchi, N., Isotani, A., Kitamura, 
K., Toyama, Y., Matsuoka, Y., Onishi, M., Mae- 
kawa, M., Toshimori, K., Okabe, M. & Nishi- 
mune, Y.（２００４）‘Mice Deficient in the Axone-
mal Protein Tektint Exhibit Male Infertility 
and Immotile-Cilium Syndrome Due to Impaired 
Inner Arm Dynein Function.’　Mol Cell Biol ２４, 
PP.７９５８７９６４.
６）Amos A., L.,（２００８）‘The tektin family of 
microtubule-stabilizing proteins.’　Genome Biol ９, 
PP.２２９.
７）Roy, A., Lin N. Y., Agno E. J., DeMayo J. F. 
& Matzuk, M. M.（２００７）‘Absence of tektin ４ 
causes asthenozoospermia and subfertility in 
male mice.’　The FASEB Journal ２１, PP.１０１３１０２５.
８）Roy, A, Lin N. Y., Agno E. J., DeMayo J. F. 
& Matzuk, M. M.（２００９）‘Tektin ３ is required 
for progressive sperm motility in mice.’　 Mol
Reprod Dev ７６, PP.４５３４５９.
９）Zuccarello, D., Ferlin１, A., Garolla, A., Pati 
A. M., Moretti, A., Cazzadore, C., Francavilla, 
S. & Foresta, C.（２００８）‘A possible association 
of a human tektint gene mutation（A２２９V）
with isolated non-syndromic asthenozoos- 
permia: Case Report.’　Hum Reprod ２３, PP.９９６ 
１００１.
１０）Schlegel, P. N.（２００９）‘Evaluation of male 
infertility.’　Minerva Ginecology ６１, PP.２６１２８３.
１１）Tanaka, H., Nozaki, M., Yomogida, K. & 
Nishimune Y.（２００２）Cloning and Characteri-
zation of Male Germ-Cell-Specific Genes.　In: 
Testicular Tangrams.　 Rommerts, F. F. G. & 
Teerds, K. J.（eds.）Heidelberg, Germany: 
Springer-Verlag. PP.５５７３.
１２）Tanaka, H., Miyagawa, Y., Tsujimura, A., 
Matsumiya, K., Okuyama, A. & Nishimune Y.
（２００３）‘Single nucleotide polymorphisms in the 
protamine１ and ２ genes of fertile and infertile 
human male populations.’　Mol Hum Reprod ９, 
PP.６９７３.
１３）Miyagawa, Y., Nishimura, H., Tsujimura, A., 
Matsuoka, Y., Matsumiya, K., Okuyama, A., 
Nishimune, Y. & Tanaka H.（２００５）‘Singlenu-
cleotide polymorphisms and mutation analyses 
in the TNP1 and TNP2 genes of fertile and 
infertile human male populations.’　J Androl ２６, 
PP.７７９７８６.
１４）Nishimune, Y. & Tanaka, H.（２００６）‘Infer-
tility caused by polymorphisms or mutations 
in spermatogenesisspecific genes.’　J Androl ２７, 
172
Hiromitsu TANAKA, Akira TSUJIMURA, Yasushi MIYAGAWA and Morimasa WADA
PP.３２６３３４.
１５）Tanaka, H., Matsuoka, Y., Onishi, Y., Kita- 
mura, K., Miyagawa, Y., Nishimura, H., Tsuji- 
mura, A., Okuyama, A. & Nishimune, Y.（２００６） 
‘Expression profiles and single-nucleotide 
polymorphism analysis of human HANP１/ 
H１T２ encoding a histone H１-like protein.’　Int
J Androl ２９, PP.３５３３５９.
１６）Tanaka, H., Hirose, M., Tokuhiro, K., 
Matsuoka, Y., Miyagawa, Y., Tsujimura, A., 
Okuyama, A. & Nishimune, Y.（２００７）‘Single 
nucleotide polymorphisms: discovery of the ge- 
netic causes of male infertility.’　Soc Reprod Fertil 
Suppl ６５, PP.５３１５３４.
１７）Tokuhiro, K., Hirose, M., Miyagawa, Y., 
Tsujimura, A., Irie, S., Isotani, A., Okabe, M., 
Toyama, Y., Ito, C., Toshimori, K., Takeda, K., 
Oshio, S., Tainaka, H., Tsuchida, J., Okuyama, 
A., Nishimune, Y. & Tanaka, H.（２００８）‘Mei-
chroacidin containing the MORN motif is 
essential for spermatozoa morphogenesis.’　 J
Biol Chem ２８３, PP.１９０３９１９０４８.
１８）Irie, S., Tsujimura, A., Miyagawa, Y., 
Ueda, T., Matsuoka, Y., Matsui, Y., Oku- 
yama, A., Nishimune, Y. & Tanaka, H.（２００９）
‘Single Nucleotide Polymorphisms in PRDM９
（MEISETZ）in Patients with Nonobstructive 
Azoospermia.’　J Androl ３０, PP.４２６４３１.
１９）Irie, S., Nakamura, J., Tsujimura, A., Miya- 
gawa, Y. & Tanaka, H.（２０１０）‘Single Nucleo-
tide Polymorphisms of the IZUMO Gene in Male 
Infertile Patients.’　 Nagasaki Int Univ Rev １０, 
PP.２０９２１８. 
２０）Irie, S., Nakamura, J., Miyagawa, Y., Tsuji- 
mura, A., Okuda, H., Yamamoto, K., Fukuhara, 
S., Yoshioka, I., Hiroshi, K., Matsuoka, Y., 
Takao, T., Nonomura, N., Ikawa, M., Tokuhiro, 
K., Okabe, M., Shibata, T., Fujimoto, K., Wada, 
M. & Tanaka, H.（２０１１）‘Primary screening 
of single nucleotide polymorphisms in human 
calreticulin ３（CALR３）.’　The Open Androl J ３, 
PP.３０３５.
２１）Okuda, H., Tsujimura, A., Irie, S., Yamamoto, 
K., Fukuhara, S., Matsuoka, Y., Takao, T., 
Miyagawa, Y., Nonomura, N., Wada, M. & Ta- 
naka H.（２０１２）‘A single nucleotide polymor-
phism within the novel sex-linked testis-specific 
retrotransposed PGAM４ gene influences human 
male fertility.’　PLoS One ７, e３５１９５.
２２）Tanaka, H., Tsujimura, A., Miyagawa, Y., 
Kohama, Y., Aramaki, Y., Araki, Y., Wada, M., 
& Nishimune, Y.（２０１３）‘Nucleotide Polymor-
phism Analysis of Testis-specific CETN1 in 
Human Male Infertility.’　The Open Androl J ５, 
PP.１５.
２３）Tanaka, H., Tsujimura, A., Miyagawa, Y. & 
Wada, M.（２０１４）‘Genetic Variation in the 
Testis-Specific GSG3/CAPZA3 Gene Encoding 
for the Actin Regulatory Protein in Infertile 
Males.’　Nagasaki Int Univ Rev １４, PP.２６９２７４.
２４）Bhilawadikar, R., Zaveri, K., Mukadam, L., 
Naik, S., Kamble, K., Modi, D. & Hinduja, I.
（２０１３）‘Levels of Tektin２ and CatSper２ in 
normozoospermic and oligoasthenozoospermic 
men and its association with motility, fertiliza-
tion rate, embryo quality and pregnancy rate.’ 
J Assist Reprod Genet ３０, PP.５１３５２３.
173
Discovery of a TEKTINt/TEKT2 Gene Variant Encoding Sperm Flagellar Protein in Japanese Males
